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PROBLEM TO BE SOLVED: To provide a field-effect magnetbresistive element and a preferable 
example of device constitution. 

SOLUTION: This magnetoresistive element is composed of a first magnetic body with which the element 
is constituted by attaching a magnetic spin suppressing layer to the body, and a second magnetic body 
which is not in contact with a magnetic spin layer. Conductivity control is performed by connecting the 
first and second magnetic bodies to each other through a conductor which mainly rules ballistic 
conduction, and by impressing an electric field upon the conductor or urging the conductor to induce 
carries. The second magnetic body which is not in contact with the magnetic spin layer is utilized for a 
magnetic memory, reconfigurable circuit, etc., as a free magnetic body. 
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dt*^?.. iix^SrWSiJ-rS loco^rSfei: LT. Hi 
7{z^L^etdC EttttlSlaia&&J&3*i£t£&tft£ 
^{t^ifc* s »* tv^„ 121 7 ( a) (i^iaSrV-b' 

T. 121 7 ( b ) (©i dt=8»«SfitSlf?t»E»atrE« 
0^-gr$:^LTV^. 017 (b ) <7>i§£-lCi3Vv-C{±. 

17 ( a ) co x o %wmco^tfm4*t>m. y )*?-t<i8-& l 
(-->. i<?5«fca*is^«*Bii 3 (b)^^tyfA- 
-fx^tjv^TISKLTt^. ifilSie»li0i &co£o% 

[006 3] £i*. 01 3fc«ttX014(Cj3V>-C, IS^ 

k LT01 fc^L^amffitJt^^^^'J^i: LTffl 
[OO64]013 (a) *3j:tX01 3(b) * 

OlKM^^Uti. CMSmi±tZ®mzffif&X'%&. tit 
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01 3 ( c ) HiZ/mi 3(d) Ttt, *T45K3MI» 

m?. h^im^M^zm^m^mLx^ . -r 

-rT\ ^IWS^te, h^/wiPF. *>■§> 

£T\ 013 (a) *5j:tf013 (c) KGJM^o* 
fct»»c*W>±i«c. 013 (b)*jJ:tfH13 (d) 

sfcfc0l 4f«. 01 3<o*Hlc*t3tJ:d«*P«« 

*\ 1SS7- Htti: b*y b*<03WK*F**IHfS;h.4 

mm&t>. iooooCT£i~rc&6£J:tfa£u*. 10000 

[0065101 3^#0T'{i. -WNl. b'y MSti 
*Pfc«8E 1 8B LTiftii^t hS-b ^X*g fc tff JB 
-TS^fcOV^T^LTUS^. b'y hmSEtCctSMlft 

tftfc-XfJ */MB<0KKJ4ffl»«j<0jiW»fe 5 0 0 n m 

[0066] jm=hi 5fcit^0i 6t, mssas^i 

f. 01 5<iFET(Cf^$*U>X>r y^Sft^tteftggL 

fcaamarc, *^0i 6nmt-\t+h>*jum=? 

£\ *yxm§.frl>. S^cfflficiooocMlto^^ii-ir;^ 
1 7'c?.y^i:-ri.T-drx^f- J r^i.^W 

[ o o 6 7 ] a £ . <idTiJi B J Lfeatsaasas^m* 

01 9cOj:?&&aj[n]j&£ffl^.g>,ri:T'^ 
[0068] «St**y *»JftLfc*£\ ttlttffiffitt. 

0 2 o x-^ t /s j: d izmmttiif. mmomgvt ^vz 
[0069] zzx'm^^tt&m&mLmw-vwL* 

A/cm* tx.\s? hnvw ^V-S^g y(=3H^Di*±k L 

xm^z<Dtft& & l\\ B^m^wiowc 



[0070] wizM&m:mi&<?)mzaTi<z7jk'r. 

[007 1] (H56CT1 ) SO I (Silicon on In 

sulator) /SiO z mfo*m^X. S i <^)«|3&ftEjftUfc. 

[0072] mutkm&^yr- < >7izx vmmitL 

fcSOI «£3fclHfcL-CS0I (20)/SiO2 (25>fc#«Ui. 
.I£T\ Si0 2 (25)B#£l'i'-Xhfl:t LTfOfflU EB 

(m-A) jDX£$feU 5-50nmO«S$:W-r§iWlil 
^-yffiffiSrtro*:. zcofecr>mwt,zm^fzD o s e 
»(41 - IOC/cm* -£'£> -5 . mHiZW 

(HF=0.2mol/U NH 4 =0.2mol/l ) SrfflViTfr-o^. £c0 
8. RIE (SJEtt-f^yXvT-f >?) Zft-tX. s 
OIJI£flDXU Stf. A' 7 7r-H77SI&Il^l' 
yxbf*:tfOSi0 2 «5rK5*L, j9ratfD5-50nmiM X<7)S 

i«0*MRfc»fc. £C0f*. PSG ( 'jy^K^x) 
iffl^t^ 'J 8 0 0 -CT'^ 1 0 #gjgfif 

v\ W^*(: K-r Ltsm Cio^df 
■v U T iUKJi . 10 1 7 - io 2 VctfCLfe. St; s i «fflig# 
BEf*(c . Mt8«a(^KiM:(= x-oxi— 5nn® js^^k 

tiffmHtZftiX . g^2-10nmSSOS i H>y bSr«B 

*>*»l'S'*Xhft£Jtl»L (09 (a) ) . -ecO±t# 

[0073] *T>7)V 1 
Ta(l)/CoFe(15)Aa(15) 
(^•y=T|*IC7)#{ii(inm) 

09 (b) iz^Lfcto*. z<7)^->yMzvyhyfy 
%£cr>T.mzmtx. 09 (c) iz^-txoizmwmjt 

K^EHSTOJili: LTc7)S;3t?Stt«sPtMn(45)«l« 
(09 (d) ) . ZcoWLW.i>mm<r>7*bVV7'?y 
4 vfJM&mX. 09(e) *>M3t£fft£Lfc. ft^ 
tcmfi|f*cTa(5)/Cu(2OO)Aa(5O)S:09 (f ) X 0 

[0074] imClzX¥lzjttLX*Mirt>9R-*m*I 
-9"-fX(i. IlOnm, I^2 0n m> l$250nm 

m&x'h^tz. 

[0075] If VV)V 1 *jo:Lfc*Ft:*jv^sa"C 
[ 0 0 7 6 ] J: "jaHftSftR^BHW-*^, ffiiST 

(5K) izxft->tztz\?>. wM>mn2ntmi±mh3 o 

[007 7] ££T«, 09tC*L^XStCi9S : ?jD 



(8) ^2003-81 05 (P2003-8105A) 



[ 0 0 7 8 ] £fe, ZZX'immkt LTCoFeSrffl^fe 
Fe, Co. Ni, FeCo-£&, NiFe^-&. CoNi^ife. NiFe 
Co-£&. feSViJSFeCr. FeSiAl, FeSi, FeAl, FeCoSi, 
FeCoAl, FeNiPt, FePd. FeRh, Felr, FeRu, FePt, FeV 

[0079] tte&mt LXli. 3ik LTCufcfflUfe 

a>\ ai, Ag, au, nzm^x itmsmfji&ttrfmmzti 
fe. 

[00 80] jfcfeK&S&ttftfcLTii. PWfafcfflUfe 

PtPdMn. FeMiu IrMn. NiMnS-fflV^T tlSS^tit^-ft: 
A«§*ife. 

[0081] (SOSW2)Si/Si0 2 aSRJ:fcyWRf-a- 

yfcui^McT&^tw&S;-^^ .rc7)±fc\ sio 2 

[0082] mz&7tx>^v tzm^xaTommx*? 
[oo83] *r>y?v2 

AuCr (0S> h V MiO. 5) /CoFe (45) /Ta (15) 

AuCr (Oft •& V ^20. 5) /Al 0 (0. 5)/CoFe (45) /Ta(15) 
(JjifiHina) 

**ia»&«*flter¥ifefc LT{2I1I9^ Lfe7 =r hi) 7 

[00 84] zzx\ mmfot LxmrnBrn*-*.-?* 

fflOT. m.<&ftfSltf&'hUX'<7)£ : 2m250nm. (g ■ 
(±U8gf-jL-y<01t^^Sfe>5. *«j3nmT'3!>-5fe. S 
j£tt±«9«gffi<9i?fci*fti: LTSi0 2 (200nm) SrM^fe. 
R3$S2tttt£ LT{iPtMn(60) £. mSttfc LT(2Ta(5)/ 
Cu(200)Aa(50) $rfflV->-C^tr^$-frfe. 
[00 85] A10( )<9( )F«3<OttJ4. IftRiR 

^Al^lftff^P^tf-fflS^L. 5l^<iA1^0.3~0.7 

T^Lfe. *M0rC{iO.5h*DA 1 £BHL£-frTfE 

[0086]M Lfe#^fc*J LT*I-S|5a>£>8i#£ Ep^T 
U «®MH*>*St«tt*»«Lfe. at#tf>E3TO88Sl 
WJH^ft fcTfftcBisr Lfe . 
[0087] -9">r;U2 SrjDXLfefR^fcfcWC. MaS 

[0 088] J:9^fc^m£iWl-f£fetf>. <£iST 
(5K) fcrCfrofcfc£<5, mSfi^-fb^ifiS 1 2 
%X'h^tz (H2 2#M) . 

[0089] £fe-<f >-!77P3 SrjDXtfe^CfcV^T 
[00 9 0] m&T (5K) ^T^foJttd^. m%te 

mamimm2 2%x-h->tz. mtfrtmmftx°$>& 



i < x eyi mw?<?>&Atf*imx'$> hzt *7mt lx 

[0091] ZZX'li. H9£^LfeXiIk:«fc OS^lD 

x£H3!Lfe#. ztuzmty-rt i>m®e>ffim*tth 

[0092] £fe. ZZXim&ikt LTCoFe^fflV^ 
Fe, Co, Ni, FeCo-£&, NiFe-£&. CoNi-&&.. NiFe 
Co-£&. fc^V^iNiFeCo-vTym. &!>VM±FeN, Fe 
TiN.FeAIN, FeSiN, FeTaN, FeCoN, FeCoTiN. FeCoAISi 
N, FeCoTaN. J>l>V^i:CoFeV,CoFePt, CoFeTa, CoFeBfc: 

[0093] mm#t lx. zzximmm.m^-^-7 
im^tztf* &m<7>&mi-*-7*m^xi>m&<?mm 

ffi%t>tihrz&>. .rfUiRgt^. z<7M<r>^3.-7<F> 

m$. 2nm-30nmgJgT'$>-2>. 

[0094] £timm#t LXit. ±fc LTCu£ffl^fe 

al Ag. au. nzm^xi>wm&i&ttjmmzti 

fe. 

[0095] £JtR5$«81£#fc LT«i. PtMnfeftT-'S: 
<. PtPdMn. FeMn. IrMn. NiMn£ffl^Ti>. JK^Sfii^ 

<b&*»S(!l£*Lfe. 

[ o o 9 6 ] * h \ msam&ttw&h •? 

tt#T'£>S. CoPt, FePt, CoCrPt.CoTaPt, FeTaPt, FeC 
[0097] (mi>m3 ) Si/Si0 2 SSLhfcfcWC. ^ 

Ttxn-y ? zm^xaTommx'yyT/i'ZimLfz. 

[0098] *r>7>VA 
Ni0(50)/Ta(5) 

zjjmzm^x . mm.<nn?-y\,z*rv?ivA<?m&n 

XL. -?-<^f^®x>'N--x^^5:fflv>T-9->'r;l^4M±Ji<0 
Ta2:X^'-y ^ LT* 1 ^ . ^^±^«^?trt^TMS^i 

-^^^^r;P41K^Jaxsa5^ea(;ie«t. KttlS 

i: LTAuCr(0j>S^{20. 5)/A10(0.5)/CoFe(30nm)/Ta(l 
5)^tt« ■ JuXLT. S3 ( b ) <7)Ea^*^2r^$ 

IK. Jl^SSi*^^^B£T'#fe. aSRf-j.-^fflV^ 

[0099] i ttms«s^- 

^X. S814«^*^ha5f^ft$*5250nm. id • 
^^-A-ycOiSS^tcSfe 0 . ^3nm-C'fco^. 
f*:±<7)«^ffl^^^i: LTSi0 2 (200nm) SrfflV^TV^ 
•S. LTl2Ta(5)/Cu(200)/Ta(50)£ffllvC3i-? 
S-^S-lirfe. 
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[oioo] ^mmmizx^-rx o mitmrnmim 
mzmm-&±x\ 03(a) ammx <o tmm&tnh 

[0101] ^*^^SrEpnTL. Sffi«s^«^# 

[0102] iryyfrAitoJLLtim^Fizm^x. m& 

[0103] A 0^#^*S-fF«-rS^a6. -teiST 

(5K) izxfT-yfztzz, wsminsxtmmns 2 2 

[0 104] ^^-Cli, ^Q^LTtX^HiOS^JD 
[0105]i^t, *r>7)V4ZK<aiLLXftfol.tzm 

=?-(wmwxh h m,^- * - fi.tz&mmvt&imi&i 

0 2 (lOOnm) m^Ep^JB^'-hmflSS:. 

w&mmzftLxMimLt:. m^fzmmi&7?v>' 

7-y| (5nm) . mffi*k LTCu7^a^T->-JS(50 
nm) /Cu (150) /Ta (50) $rffl I ^Jt . 
[0 106] y-h«fli£fflvvc. S#E|Jnr$:-lV*^ 

sva-caats-*. z^wss.&mzitzm&x'mg.Ltz 
hz\h. Wft^tfvucom^\,z\m®.w%cr)mkft$\ 

tz. $6tC. «#£EP^TLTVKi:. ifr 5 V-C^Sii 
Stfb&* A £>*i=5: < =5: -> fe . i *Uc «t 0 . *#ETRrtc J: 

[0107] *fe, idT(4SBEtt«ck LTCoFefcffl^fe 
Fe, Co. Ni, FeCo-£~£. NiFe-&^ x CoNi-g-^ NiFe 

zo£±zm\ ^x t a&j&iCHb&qffiHS *tfe . 

[0 108] *fc, U7^n-/7 

t<nmm<mmimhx&< „ 

[0109] 2fett&ftfc LXi±. £k LTCuSrffl^fe 
fr\ AU Ag, Au\ PtSrffiv^T fcH^SSi^-fL^iSSllS^ 
fe. 

[0110] ifefeK&BStltei: LT«S. SfelStfiONiOfc 
fflV^fetf, «-Fe 2 03, CrO/NiO. RFe0 3 ( Rt2*±^7n3}t 
T, U. Ce, Pr, Nd, Sm, Eu, Gd, Tb ( Dy, Ho. Er, T 
m. Yb) Srfflwcfc. ffi$ti£ffi£ft tfffiffl Ztlfz. 

[oin] (mmmi ) mmi tmm%^&x\ t 

•f. SO I /Si0 2 *KSrfHwc . S i Oi$BISl£fMcLfe. 



[0112] j5racO5-50nm-»M XcoS i <OffliS£#fe 

psg (yy^gw^x) £fflv^<ou>-<9#fd£ 

tfc£8 0 O'CT'm O^tfSJgfrW IHift^ffcKF-rL 
•C^mttSr^Jt. i<0BW>#irU7«KI±, 10 19 /cai3 

oT2.5ni«(0«ia»flJlt^J«t3fe. ItSiM 
ffJjMWc. aB^^ffilC^-fkfci-pTl^niiPS^W^ 
i?-ftt&£ffr£Lfe. SStvt. I^7W77^S iS£ 
ISl^jK-fbS-ff-pT. g#2-10nmmg<9S i h'-y hSriffl 

®LUzm&Ltz. ztuzxK). M-m=M-^— : Jy^<rm 

mmWZtlZ. I<7)±CTEOS ( c rb7X.h*i>>y 
» JBt£20-100nmgjgitmU W.izz\(T>±izy- bMM 
t LX P o y - S i y- h Lfe. fft£ Lfe*-*- h 

mtQzT -/ isyVcoffifflfcimiFfl^X . 10-100nnfC"fc 

&l?z. xm&MnmmtLxu. 40n«garc*->fc. 

zey&mtoTMmzM&nimi' fx hteZmm l . z 
coifc^Tcx^-y 9 zm^x&Tcommx~?>T>i-zft 

[0113] 

Ta(l)/CoFe(15)/Ta(15) 

ft^fz. fif*(cm«i#:Ta(5)/Cu(2OO)/Ta(5O)^09 

( f ) iz*k-?x a izmm^-t zttzz*)^ m?z%&z 
[0114] ttfiLLizmTiznLxin-m^mftz&si 

[0115] y- hw&zm^x . «i^Ei^r*-iv*><i> 

fc i ^> . «#EI^r^-fe-n^%&fc(i:imttJioil^|S] 
tfoaj-ofe^fcStSj&s. *iiJSW-fca:^T«<«:*Wtt 
Sr^LTV^. «^SrO*^lVEpBrL^-^{c{i:B5S\ 

x . SB»ti&tfi?i«&MM«rr» s . 
[0116] 5 ^JaxLjtsg^fctJV^TSST' 

[0117] i 0^t5«l*Srfffif-r-S.fe^>. ffiST 

(5K) izxn^tztzz. m$ffitf&£ttm*Bi&3o 

%Xfcr>tz. 

[0 118] ZZX'l*. H9fc^LfeXStCiO*^jD 

ztuzmt>*y.i. 

[0119] ttz. Z\ZX'te®&ftt LXCoFeZm^tz 
Fe, Co, Ni, FeCo^, NiFe-^ N CoNi-^. NiFe 
Co^. &-S>V>(i:FeCr\ FeSiAl, FeSi, FeAl, FeCoSi, 
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FeCoAl, FeNiPt, FePd, FeRh, Felr, FeRu, FePt, FeV 
[0120] Ztzmmftt LXii. ±t LTCuZm^t: 

ak Ag, aik ptsrJBvvc hwsmmziwmmisti 

tz. 

[0121] £*K3$&ttttfc L"Cli, PtMn£ffl^*: 
PtPdMru FeMn. IrMn. NiMn£ffl»,vt kSESygtnM 

[0122] mmm5 ) si/sio 2 mLtizmmj-*.- 

[0123] W.z&JtX^'j ^5rfflV^TJilTco®MT^ 
yy^ZimLtz. 
[0 1 24] y-y7>V6 

AuCr (0$> & V ^(20. 5) /Al 0 (0. 5) /CoFe (45) /Ta (15) 
(mettnm) 

^tl.*^**:^^^ t-CiiH9 ICS * h U V 
/77 >f y7ttmZm^T. «*§W^H7 ( d) fcjR 

«Si0 2 y- bmimii&>100-300nmX\ *f- hVMt L 

xsmmzmmtiz. 

[0125] z^x\ imftt Lxmrnrnm^^-y* 
m^x. w&frm&m'i^xcoskzm^^ m-»z 
i±mmi-3.-7'<?>m§jHz%tz*) . #>3nm-e£>o*:. m 
mfo±.<nuwm?>mmt bxsio z (2ooim)^m^fz. 

Zam&ftt LTU:PtMn(60) Sr. Wmt LTliTa(5)/ 
Cu(200)/Ta(50) Zm^Xm^FZZEmZitfz. 
[0126] A10( )(7)( )f*IOffi(±, gtffcSPIiw 

OAl<7)SttKISc7)-^H-ffi5rSL. JI^{C{SAl$r0.3M).7 

nmsm®. m$ttmm%*xmt-tz>ztzmmL 
ximLt:. ^mmmx'ito.samcoA 1 zmtz&xft 

[0127] ^L7^^fc^LTnaJ*^^&E|Inr 
[0 128] ^ryDVetlMJLLtzm^Zii^X. 

xm^mmmmm^ixfc . 

[0 129] m&T (5K) KTfi^fci:^. ©SUS 
tiL^-f^liS«2 0%-C$>-5^. -^BgL^^cWtT 

iz^^zSMLtz. 

[0130]**- Mg^SrfflUT. M^-^i-lU^ 

5V4t«t, *<v®5>tm2£fczm&xm%. Liz 
tz*>. m&^tfttnmisiztemmmnmKKfa 
tzm&izmjiw, ztiWHztt<<xi&< *s mt 



fz. Zt>lz. «^EpnTLTV%<k. V)5VT®5M3a 

^tttf&^tvz^^tz. ztiizx*). n&emizx-, 
x . wsmmffiimmx'Z h . 

[0131] tfz. ZZXim&ftk LTCoFeSrfflV^ 
Fe. Co, Ni. FeCo-£-&, NiFe^. CoNi-£^ NiFe 
Co-£&. h ^)V>«NiFeCo-v-r y&fo. fci-WiFeN, Fe 
TiN.FeAIN, FeSiN, FeTaN, FeCoN, FeCoTiN, FeCoAISi 
N, FeCoTaN. &S<,->t±CoFeV,CoFePt. CoFeTa. CoFeBfc 

&^x itmmwzittfwmztifz. 
[0132] GMftt lx. zzximmmm^sL-y 
zm^tziiK &m<?>mmi-z.-7$:m^xi>mM<r)%)% : 
tmhtt&tzib. ztuzm^K z<?)&ni-*-7<7> 

2nm-30nmSS-C*S. 
[0133] £1zW&#t LXlt. ±t LXCuZm^tz 

a>\ au Ag. au. ptzm^x^msmtmittimwztL 

tz. 

[0134] &fzmi®.&ft t LTfcL PtMn^WS: 
<. PtPdMn. FeMru IrMru NiMnS-ffl^Tt . m^J&tn^ 

[0135] h&^limm&ikwWb'Olzm&ftJ}®. 

i4#T'£>£>. CoPt. FePt, CoCrPt.CoTaPt, FeTaPt, FeC 

3i-r&tz#>. nmcm^m^ittmmx^fz. 

[0136] {mm$ ) GaAs(001)««Lhfc^7C^ 

m^?? i'-^m*m^xm : crmmr*r>7°)v*ft 

[0 137] ^->y°)Vl 
GaAs(100)/MnAs(15)' 

GaAs(100)/MnAs(50) 
(#{4{inm) 

ttr>7)VX'lt. GaAs^K(C*tLT. i&6 0 CCfcTAs 

-e-^i^GaAsSSrVN'-y 7 r-«t LTI56 0 0'C<7)i6ifi 
■f^Tita^li-. -12 0 0-2 5 0'COti:T\ fcT 
7&^Mn7 7^^XBSJto^cMnAsii2rlt»§^. «« 
L^MnAs{i(-1101)MS:^*Bi:LTV^. 4fc*W$ 

•frfe«oa'flaij&6»^ , vt-y->7Mmizw.im%m$ 
(.-lvnGaAsjjmttLx^hzttmmztifz. 

[0138] Zcr>y->7Mzm9 iz^i 35;7tM) 

xh*mmw<?->im?iizxi&f$.L: rtuiy^xy 
mmizxh H^^fx-y^^ yytm^x. v~j?.yn? 
-ymk\,ztch£owm.xhh*ty~?)Vi . 8<7)^ 

(cjDXSrit-r. §£fc*^_L£{s&tt£«M»U U7h 



(11) #^2003-81 05 (P2003-8 1 05A) 



[0 13 9] fflVVfcfcaWWiAu (10nm) 

80nm, (Hifi/hgU^lOnmtTjnXSr^o/i. *fegM(i 
SiOj, (100nm)£fflV>7t. 

[0 14 0] ifcfc, tyr*7*Jj:tftyr*8i:l 
(C, KSffitttfrfc LTPtMn<60)fc*HK • JnifcltU « 
ffitti: LT, Ta(5)/Pt(200)/Ta(50)£tt« • JPXfcSfe 
U 09(f) coa»*5(EBLfc. 

[0141] »M»>6at!i*QiHru rawaoraNr 

[0142] ■9-^r^7*J«k^^7*/P8 fcJnlLfc* 

[0143] <t oaaK=swn*SMrr*fc«>. s*st 
( 3 o o k ) izTft^tz tz*>. msmv&itmitv-y 

TJU5iz}i^X. SiSl 0%. -9->-:77U6fc:33tvcfi^ 
1 lXTfcofc. S&tCffiST ( 5K) fciivvai, IS 

§a£ia^b^(i^^r;P7t:fc^T*®i8%, 

/W8tCtJV^TSlgf2 0%-Cfc-ofc. 
[0144]$ &ic. -^^T;P8£7)«^t-C, fs^ftfc 

$*5250nm. Kg ■ ^§*«iist0)nm{;T|SI«^E9 ( f ) CO 

[0145] fca^Cfct *T fc , ^gfit^m^'Sffl? 

[0 14 6] MiST ( 3 00K) fcTfT->fc E3t 

fmtn&itmimis 1 3 %, s 6(3&&t < 5 k > tc*> 
was, «sttaaawk*J4«W2 2%T*ofc. 

[0147] iit'ii. H9t=*UfcXSt=J: OUt^SD 

[0 148] 4fc. iCTIiffittHckLT-e^^r- 
?*-f H (Mn-VBSHR) T'2>SMnAs$rfflV>7t*\ Ir]«cO 
MnSb, fc*VH4QM (QJiSc, Y, 3V?J4 Y, Ti, Z 
r. Hf . Nb. Ta. Zn^&SWLfe4"Sr< fc t> 1 «, AfiC, 

N, o, F, sa»6Stfftfc4«5r<fck 18, D{±, V, C 
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(54) MAG N ETO RESISTIVE ELEMENT AND MAGNETIC MEMORY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field-effect 
magnetoresistive element and a preferable example of device 
constitution. 

SOLUTION: This magnetoresistive element is composed of a first 
magnetic body with which the element is constituted by attaching a 
magnetic spin suppressing layer to the body, and a second 
magnetic body which is not in contact with a magnetic spin layer. 
Conductivity control is performed by connecting the first and 
second magnetic bodies to each other through a conductor which 
mainly rules ballistic conduction, and by impressing an electric field 
upon the conductor or urging the conductor to induce carries. The 
second magnetic body which is not in contact with the magnetic 
spin layer is utilized for a magnetic memory, reconfigurable circuit, 
etc., as a free magnetic body. 
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* NOTICES * 

JVO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic resistance element characterized by resistance changing with change of the 
magnetization angular relation of the two magnetic substance which the 1 st magnetic substance with which the 
magnetization revolution control layer touched between at least two magnetic substance, and the 2nd magnetic 
substance which is not in contact with said magnetization revolution control layer have touched through at least 
one conductor, and sandwiches said conductor. 

[Claim 2] The magnetic resistance element carry out as the description carry out that resistance changes by 
change of the magnetization angular relation of the two magnetic substance with which the 2nd magnetic 
substance which is arranged as sandwiches the 1 st magnetic substance with which the magnetization revolution 
control layer touched between at least two magnetic substance, said magnetization revolution control layer, and 
an insulator, and is not in contact with said magnetization revolution control layer has touched through at least 
one conductor, and sandwiches said conductor as the description. 

[Claim 3] The magnetic resistance element characterized by the electric resistance between the two magnetic 
substance into which the 1 st magnetic substance with which the magnetization revolution control layer touched 
between at least two magnetic substance, and the 2nd magnetic substance which is not in contact with said 
magnetization revolution control layer are in contact with through at least one conductor, and at least one of 
said conductors inserts said conductor by impregnation or induction of an electron or a hole changing. 
[Claim 4] The magnetic resistance element according to claim 1 to 3 characterized by said magnetization 
revolution control layer consisting of at least one chosen from the antiferromagnetic substance, the laminating 
ferrimagnetic substance, or the high holding power magnetic substance. 

[Claim 5] The magnetic resistance element according to claim 1 to 4 to which said conductor is characterized by 
being Si thin line. 

[Claim 6] The magnetic resistance element characterized by resistance changing with change of the 
magnetization angular relation of the two magnetic substance which the 1 st magnetic substance with which the 
magnetization revolution control layer touched between at least two magnetic substance, and the 2nd magnetic 
substance which is not in contact with said magnetization revolution control layer constitute the layered product 
through at least one conductor, and sandwiches said conductor. 

[Claim 7] The magnetic resistance element according to claim 1 to 6 to which said conductor is characterized by 
being a carbon tube. 

[Claim 8] It is the magnetic memory characterized by being the magnetic memory equipped with a magnetic 
resistance element according to claim 1 to 7, and two or more means of the field seal of approval to said 2nd 
magnetic substance and means to read the magnetization direction of said 2nd magnetic substance, respectively, 
arranging said magnetic memory on the solid state switch component accumulated on the semi-conductor 
substrate, and connecting it at least at the time of the readout of said magnetic memory, or writing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The magneto-optic disk, hard disk with which this invention is used for an information 
communication terminal etc., The reproducing head of magnetic recording media, such as a digital data 
streamer (DDS) and digital VTR, The magnetic-reluctance sensor represented by the stress, acceleration sensor 
or heat which detects the angular- velocity magnetic sensor for rotational-speed detection, stress change, 
acceleration change, etc., the heat sensor using change of the magneto-resistive effect by the chemical reaction, 
and the chemical reaction sensor, They are the magnetic solid-state memory represented in magnetic random 
access memory (MRAM), recon figure skating bull memory, etc. or a current switch (magnetic switch) 
component by the MAG, and the thing with which an electrical-potential-difference switching device etc. is 
related further. 
[0002] 

[Description of the Prior Art] The memory using magnetism can realize memory [****/ un-], because stores as 
memory the information on the spin which the magnetic substance has, and it is considered to be one [ excellent 
in implementation of future power saving and high-speed information terminal ] of the devices. The artificial 
grid film which consists of the magnetic film which carried out switched connection through the nonmagnetic 
membrane until now It is discovered that giant magneto-resistance (GMR) is shown (M.N.Baibich et.al., 
Phys.Rev.Lett.61 (1988) 2472.). The proposal of MRAM using the GMR film was also made 
(K.T.M.Ranmuthu et.al., IEEE Trans.on Magn.29 (1993) 2593.). the non-magnetic layer of the aforementioned 
GMR film — conductors, such as Cu, — although it is the film, research of the tunnel mold GMR film (TMR) 
which used the insulator layer of aluminum203 grade for the non-magnetic layer also prospers, and MRAM 
using this TMR film is also proposed. An output with bigger MRAM using the TMR film than the thing of the 
GMR film and implementation of high density memory are expected. In connection with it, it waits for 
establishment of the architecture in dozens of nanometer size from several nano which the possibility of an 
alternative of high density memory, such as DRAM, was also beginning to be examined, and aimed at future 
super-high density memory. When it becomes a size field so that quantum effect may appear in conduction 
strongly like dozens of nanometer size from several nano, the component architecture which draws a line is 
needed with the former. It is hoped that the memory using magnetism may be able to propose the new 
component and the new circuit of transmitting spin information directly or controlling transmission spin directly 
since the information on the spin which is a quantum is stored as memory. 
[0003] 

[Problem(s) to be Solved by the Invention] In order to transmit the information on spin directly until now, 
allotting the ultra-thin tunnel barrier between the magnetic substance like the conventional TMR component, 
and using polarization spin tunneling can only be realized. Now, a new circuit which controls transmission spin 
directly cannot be formed. 

[0004] this invention — this technical problem — receiving — the transmission route of spin ~ long — carrying 
out — a transmission route — ballistic one — it aims at offering the magnetic resistance element realized by 
offering the desirable ingredient and arrangement, and its example of a device configuration using the conductor 
which enables **** conduction. 
[0005] 

[Means for Solving the Problem] In order to solve said technical problem, this invention The inside of at least 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/2 1/2005 
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two magnetic substance, The 1st magnetic substance with which the magnetization revolution control layer 
touched, and the 2nd magnetic substance which is not in contact with said magnetization revolution control 
layer have touched through at least one conductor. And it is the magnetic resistance element characterized by 
resistance changing with change of the magnetization angular relation of the two magnetic substance which 
sandwiches said conductor. It can use as various magnetic devices, such as magnetic memory which records and 
reads information, and a recon figure skating bull circuit using resistance change of the magneto-resistive effect 
section, by using as the free magnetic substance the magnetic substance which is not in contact with said 
magnetization revolution control layer. 

[0006] Moreover, as this invention sandwiches the 1 st magnetic substance with which the magnetization 
revolution control layer touched between at least two magnetic substance, said magnetization revolution control 
layer, and an insulator, it is allotted. And the 2nd magnetic substance which is not in contact with said 
magnetization revolution control layer has touched through at least one conductor. And it is the magnetic 
resistance element by which it is characterized [ which is characterized by resistance changing with change of 
the magnetization angular relation of the two magnetic substance which sandwiches said conductor ]. It can use 
as various magnetic devices, such as magnetic memory which records and reads information, and a recon figure 
skating bull circuit using resistance change of the magneto-resistive effect section, by using as the free magnetic 
substance the magnetic substance which is not in contact with said magnetization revolution control layer. 
[0007] Moreover, the 2nd magnetic substance with which this invention is not in contact with the 1st magnetic 
substance with which the magnetization revolution control layer touched between at least two magnetic 
substance, and said magnetization revolution control layer has touched through at least one conductor. It is the 
magnetic resistance element characterized by the electric resistance between the two magnetic substance into 
which at least one of said conductors inserts said conductor by impregnation or induction of an electron or a 
hole changing. It can use as various magnetic devices, such as magnetic memory which records and reads 
information, and a recon figure skating bull circuit using resistance change of the magneto-resistive effect 
section, by using as the free magnetic substance the magnetic substance which is not in contact with said 
magnetization revolution control layer. 

[0008] It is desirable that a magnetization revolution control layer consists of at least one chosen from the 
antiferromagnetic substance, the laminating ferrimagnetic substance, or the high holding power magnetic 
substance about this invention. 

[0009] Moreover, it is desirable to use a carbon tube as a conductor in one operation gestalt. 
[0010] Moreover, it is desirable to use Si thin line as a conductor in one operation gestalt. 
[001 1] Moreover, as for this invention, the 1st magnetic substance with which the magnetization revolution 
control layer touched between at least two magnetic substance, and the 2nd magnetic substance which is not in 
contact with said magnetization revolution control layer constitute the layered product through at least one 
conductor. And it is the magnetic resistance element characterized by resistance changing with change of the 
magnetization angular relation of the two magnetic substance which sandwiches said conductor. It can use as 
various magnetic devices, such as magnetic memory which records and reads information, and a recon figure 
skating bull circuit using resistance change of the magneto-resistive effect section, by using as the free magnetic 
substance the magnetic substance which is not in contact with said magnetization revolution control layer. 
[0012] It is desirable to use a carbon tube as a conductor in one operation gestalt also here. 
[0013] Furthermore, this invention operates as magnetic memory equipped with two or more magnetic 
resistance elements, means of the field seal of approval to said 2nd magnetic substance, and means to read the 
magnetization direction of said 2nd magnetic substance, respectively, and is arranged on the solid-state-switch 
component accumulated on the semi-conductor substrate, and magnetic memory which is connected to the solid 
state switch component section at least at the time of the readout of the magnetic memory using the magnetic 
resistance element of this invention or writing, and operates can be realized. 
[0014] 

[Embodiment of the Invention] The magnetic resistance element of this invention is explained using drawing. 
[0015] First, drawing 1 consists of a magnetization revolution control layer, the 1st magnetic layer, the 2nd 
magnetic layer, and a conduction layer. A conduction layer here is prepared as a conduction layer which can 
mainly conduct, without a spin polarization electron seldom receiving dispersion in a ballistic target. The 2nd 
magnetic layer with which the 1 st magnetic layer which touched the magnetization revolution control layer is 
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not in contact as the fixed bed constitutes the magnetic resistance element as a free layer. In case resistance of a 
component is detected, it carries out to the 1st magnetic layer and the 2nd magnetic layer by arranging an 
electrode object. When a magnetization revolution control layer is also a conductor like drawing 1 , an electrode 
object may be arranged on a magnetization revolution control layer. 

[0016] The 1st magnetic layer is touching a magnetization revolution control layer, and it is desirable to join 
together magnetically and to make a magnetization revolution difficult. As for the magnetization mechanism 
control layer in this case, it is desirable that it is the multilayer of the high holding power magnetic substance, 
the laminating ferrimagnetic substance, the antiferromagnetic substance or the laminating ferrimagnetic 
substance, and the antiferromagnetic substance. 

[0017] As the high holding power magnetic substance of said configuration, the ingredient whose holding 
power, such as CoPt, FePt, CoCrPt, CoTaPt, FeTaPt, and FeCrPt, is 100 or more Oes is desirable. 
[0018] Moreover, as the antiferromagnetic substance, PtMn, PtPdMn, FeMn, IrMn, NiMn, etc. are desirable. 
[0019] Moreover, it is desirable to use Cu, Ag, Au, Ru, Rh, Ir, Re, Os or the alloy of these metals, and an oxide 
as a non-magnetic material as the magnetic substance which has the multilayer structure of the magnetic 
substance and non-magnetic material, and is used as the laminating ferrimagnetic substance here, using FeCo 
containing Co or Co, CoFeNi, CoNi, CoZrTa, CoZrB, a CoZrNb alloy, etc. 

[0020] On the other hand, the 2nd magnetic layer realizes an easy magnetization revolution compared with the 
1 st magnetic layer, and uses it as a free magnetic layer. 

[0021] the two magnetic substance which carried out spin polarization — ballistic one — when a bias seal of 
approval is carried out through the conductor in which **** conduction is possible, change of the magnetization 
angular relation between the two magnetic substance can be detected as the resistance change. This is 
considered to be the phenomenon in which conduct spin dispersion, without seldom winning popularity, are the 
connected magnetic-substance interface, and the spin polarization electron transmitted in the inside of a ballistic 
conductor happens since it is reflected depending on the direction of spin polarization. 

[0022] In this case, by [ which carry out a free magnetic layer ] touching in a magnetization revolution control 
layer like this invention, considering as a fixed magnetic layer and having not touched another side in a 
magnetization revolution control layer, magnetization angular relation is made clear, as a result, high power is 
obtained, and things are made. 

[0023] Drawing 2 shows typically the situation of actuation of the magnetic resistance element of the bases 
shown by drawing 1 . 

[0024] Like drawing 2 (a) and drawing 2 (b), the current value which flows for a component when that is not 
right falls under a constant-voltage bias seal of approval compared with the case where each magnetization 
direction of the two magnetic substance is parallel. 

[0025] Moreover, under a constant current bias seal of approval, the electrical potential difference which flows 
for a component when that is not right increases like drawing 2 (c) and drawing 2 (d) compared with the case 
where each magnetization direction of the two magnetic substance is parallel. 

[0026] Here as an ingredient used for the 1st magnetic layer or the 2nd magnetic layer Fe, Co, nickel, a FeCo 
alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy, or FeN, FeTiN, FeAIN, FeSiN, FeTaN, FeCoN, FeCoTiN, 
FeCo(aluminum, Si) N, and FeCoTaN etc. — a nitride ~ TMA represented by an oxide, carbide, boride, and the 
fluoride magnetic substance (T) At least one sort chosen from Fe, Co, and nickel and M At least one sort chosen 
from Mg, calcium, Ti, Zr, Hf, V, Nb, Ta, Cr, aluminum, Si, Mg, germanium, and Ga and A At least one sort 
chosen from N, B, O, F, and C, or (Co, Fe) M (at least one sort as which M was chosen from Ti, Zr, Hf, V, Nb, 
Ta, Cu, and B), Or FeCr, FeSiAl, FeSi, and FeAl, FeCoSi, FeCoAl, and FeCoSiAl, tangent line (T was chosen 
from Fe, Co, and nickel — at least one sort) represented by FeCoTi, Fe(nickel) (Co) Pt, Fe (nickel), and (Co) Pd, 
Fe(nickel) (Co) Rh, Fe(nickel) (Co) Ir, Fe (nickel), and (Co) Ru, FePt, etc. L Cu, Ag, Au, Pd, and Pt, Rh, Ir, Ru, 
Os, and Ru, Si, germanium, aluminum, Ga, Cr, and Mo, at least one sort chosen from W, V, Nb, Ta, Ti, Zr, Hf, 
La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu etc. — a ferromagnetic — moreover — or Fe 
304 or XMnSb (at least one as which X was chosen from nickel, Cu, and Pt), LaSrMnO, LaCaSrMnO, the half 
metal ingredient represented by Cr02, or QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, 
and Zn — at least one sort) At least one sort and D as which A was chosen from C, N, O, F, and S RDA, such as 
at least one sort chosen from V, Cr, Mn, Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) 
One sort and D which were chosen from B, aluminum, Ga, and In V, Cr, Mn, Fe, Co, and nickel from — one 
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selected sort and A have spinel mold oxides, such as a magnetic semiconductor represented by one etc. sort 
chosen from As, C, N, O, P, and S or a perovskite mold oxide, and a ferrite, and a desirable garnet mold oxide. 
[0027] Moreover, although any are sufficient as long as an insulator is insulating material, Mg, Ti, Zr, Hf, V, 
Nb, Ta, and Cr are included especially. Ila-VIa, La and Ce are included. A lanthanoids, Zn, B, aluminum, Ga, 
and Si are included. The element chosen from Hb-IVb and the thing which was chosen from F, O, C, N, and B 
and which are a compound with an element or polyimide, and a phthalocyanine system organic molecule 
ingredient at least are desirable. 

[0028] Moreover, in order to use as a small ballistic conduction object of spin dispersion as a conductor, as for 
both the width of face of a conductor, and thickness, it is desirable that it is lOOnm or less. As for especially the 
width of face and thickness of a conductor, for actuation near the room temperature, it is more desirable that it is 
50nm or less. It is desirable to use a carbon tube as a conductor which has such a property. Although a carbon 
tube exists variously from a monolayer to a multilayer thing, any may be used for it here. Moreover, it is 
desirable to use Si thin line in which width of face of several nanometers to dozens of nanometers carried out 
the high concentration carrier dope. Moreover, the channel part formed in the MOS (Metal-Oxide- 
Semiconductor) mold FET (field-effect transistor) structure or MES (Metal-Semiconductor) mold FET structure 
created using the semi-conductor base may be constituted as a conductor. As for the source section and the 
drain section, in that case, it is desirable to consist of the magnetic substance, and, as for the magnetic 
substance, it is still more desirable that it is a magnetic semiconductor. Moreover, as for the die length of a 
conductor, it is desirable that it is [ lnm or more ] lOOOnm or less. 

[0029] Moreover, as long as the start and resistivity are the ingredients of 100 or less microomegacm about a 
nonmagnetic conductivity ingredient, and Cu, aluminum, Ag, Au, Pt and TiN as a desirable ingredient, any are 
sufficient as an electrode object. To especially a carbon tube, Au or Cr/Au is desirable. 

[0030] Moreover, as a gestalt of one operation, like drawing 3 (a), it is arranged and constituted so that a part of 
magnetization revolution control layer is arranged on an insulating base, and a conductor may cross the 1st 
magnetic substance on it and it may cross a level difference configuration for between the 2nd magnetic 
substance and the two magnetic substance on an insulating base, a conduction layer here — ballistic one — it 
prepares as a conductor which performs **** conduction, and a magnetic resistance element is constituted. The 
2nd magnetic substance with which the 1 st magnetic substance which touched the magnetization revolution 
control layer has not touched as the fixed bed constitutes the magnetic resistance element as a free layer. 
[003 1 ] Under the present circumstances, it is desirable that the edge of the magnetization revolution control 
layer arranged on an insulating base is formed with dip like drawing 3 (b). Thus, it is desirable when it has 
arranged, and the thickness of a conductor can control by the include angle. Especially, 70 degrees is suitable 
from 25 degrees in the include angle preferably. When it was this range, the rendering student was the best and 
the magnetic resistance element has been created. When using a carbon tube and it is in this range, bending 
[ edge / of a carbon tube ] has the desirable effect which that conduction property has few. In this case, you may 
be a slant-face configuration with the curved surface in this desirable include-angle range. 
[0032] Moreover, a part of insulator is arranged on a magnetization revolution control layer, in between the 1st 
magnetic substance and the two magnetic substance, it is arranged and drawing 3 (c) is constituted so that a 
conductor may cross a level difference configuration, so that the 2nd magnetic substance and a magnetization 
revolution control layer may be directly touched on it. a conductor here — ballistic one ~ it prepares as a 
conductor which performs **** conduction. The 2nd magnetic substance with which the 1st magnetic 
substance which touched the magnetization revolution control layer has not touched as the fixed bed constitutes 
the magnetic resistance element as a free layer, and is desirable. 

[0033] When a conductor touches a magnetization revolution control layer directly, as for a field revolution 
control layer, it is desirable that they are a semi-conductor or an insulator. 

[0034] Here, as for drawing 3 (d), in drawing 3 (e) of drawing 3 (a), drawing 3 (f) of drawing 3 (b) shows the 
appearance of the top-face plot plan of drawing 3 (c), respectively. 

[0035] A magnetization revolution control layer is formed into a nonmagnetic base in a part, and a conductor is 
arranged on it at the 1 st magnetic substance, it is arranged between the 2nd magnetic substance and the two 
magnetic substance right above [ insulating base ], and drawing 4 (a) is constituted, a conductor here — ballistic 
one — it prepares as a conductor which performs **** conduction. The 2nd magnetic substance with which the 
1st magnetic substance which touched the magnetization revolution control layer has not touched as the fixed 



http ://www4 . ipdl . ncipi . go .j p/cgi -bin/tran_web_cgi_ej j e 



10/21/2005 



JP,2003-008105,A [DETAILED DESCRIPTION] 



Page 5 of 17 



bed constitutes the magnetic resistance element as a free layer. 

[0036] A magnetic layer is formed into a nonmagnetic base in at least two or more parts, a conductor is 
arranged between two magnetic layers among those, a magnetization revolution control layer is arranged and 
drawing 4 (b) is constituted by the part on the 1 st magnetic layer, a conductor here — ballistic one — it prepares 
as a conductor which performs **** conduction. The 2nd magnetic layer with which the 1st magnetic layer 
which touched the magnetization revolution control layer is not in contact as the fixed bed constitutes the 
magnetic resistance element as a free layer. 

[0037] Under the present circumstances, the direction which the laminating of the magnetic substance is further 
carried out [ direction ] like drawing 4 (c) so that a conductor may be put by the upper and lower sides on the 
1 st magnetic layer, and contacts a magnetization revolution control layer on it is still more desirable although 
the 1 st magnetic substance is used as the fixed bed. Moreover, as for the magnetic substance arranged on the 1 st 
magnetic substance and the 2nd magnetic substance, it is desirable that it is the metal magnetic substance, and 
this arrangement is desirable [ the magnetic substance ] in electric contact being easy to be acquired. 
[0038] Moreover, like drawing 4 (d), a magnetic layer is formed into a nonmagnetic base in at least two or more 
parts, a conduction layer is formed between two magnetic layers among those, and the magnetization revolution 
control layer is arranged and constituted by the part on the 1st magnetic layer, a conductor here — ballistic one - 
- it prepares as a conduction layer which performs **** conduction. The 2nd magnetic layer with which the 1st 
magnetic layer which touched the magnetization revolution control layer is not in contact as the fixed bed 
constitutes the magnetic resistance element as a free layer. 

[0039] As for the magnetization revolution control layer formed into the nonmagnetic base shown by drawing 4 
(a), it is desirable to be formed in the magnetic semiconductor which has ferromagnetism or 
antiferromagnetism. Under the present circumstances, as for this magnetic semiconductor, what has a substrate 
and at least one element of the same kind, and has the crystal structure of the same kind is desirable. 
[0040] It is desirable that conduction between the 1st magnetic layer and the 2nd magnetic layer is performed 
mainly through a conductor in the magnetic resistance element shown by drawing 4 (a), drawing 4 (b), drawing 
4 (c), and drawing 4 R> 4 (d), and, as for the semantics to a nonmagnetic base, it is desirable that they are an 
insulating substrate or a semi-conductor substrate. 

[0041] As for the 1st magnetic layer and the 2nd magnetic layer which are formed into the nonmagnetic base 

shown by drawing 4 (b), drawing 4 (c), and drawing 4 (d), being formed in the magnetic semiconductor which 

has ferromagnetism is desirable. Under the present circumstances, as for this magnetic semiconductor, what has 

a substrate and at least one element of the same kind, and has the crystal structure of the same kind is desirable. 

[0042] When a conductor touches a magnetization revolution control layer directly also here, as for a field 

revolution control layer, it is desirable that they are a semi-conductor or an insulator. 

[0043] Drawing 5 shows the magnetic resistance element constituted as a 3 terminal component. 

[0044] The electrode object is arranged through the insulator on the conductor for the gate electric-field seal of 

approval. Here, the drain section and 2nd magnetic-substance side is shown for the 1st magnetic-substance side 

as the source section for convenience. 

[0045] Although any are sufficient as long as it is insulating material as an insulator arranged between the gate 
electrode and the conductor Mg, Ti, Zr, Hf, V, Nb, Ta, and Cr are included especially. The lanthanoids and Zn 
containing Ila-VIa, La, and Ce, B, aluminum, Ga, and Si are included. The element chosen from Ilb-IVb, It is 
desirable that is a compound with an element at least for having been chosen out of F, O, C, N, and B. 
Moreover, you may be a phthalocyanine system organic molecule ingredient. 

[0046] Drawing 6 shows typically the situation of actuation of the magnetic resistance element of 3 terminal 
structures of the bases shown by drawing 5 . 

[0047] When the magnetization directions of the 1 st magnetic layer and the 2nd magnetic layer are parallel and 
the seal of approval of the gate voltage is not carried out like drawing 6 (a), as for a spin polarization electron, a 
current tends to flow a conductor between the magnetic substance in electrical-potential-difference bias fixed 
between propagation and the magnetic substance in the bottom which carried out the seal of approval. On the 
other hand, like drawing 6 (b), when the seal of approval of the gate voltage is carried out, induction of the 
carrier is carried out to a conductor, and the amount of currents between the magnetic substance detected falls 
by urging spin dispersion. Under the present circumstances, the resistance of a component to gate voltage 
changes like drawing 21 (a). 
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[0048] Moreover, like drawing 6 (c), when the magnetization directions of the 1 st magnetic layer and the 2nd 
magnetic layer are anti-parallel, it sets. When not carrying out the seal of approval of the gate voltage, a spin 
polarization electron cannot be easily transmitted in a conductor. Under a fixed electrical-potential-difference 
bias seal of approval While a current cannot flow easily between the magnetic substance, when the seal of 
approval of the gate voltage is carried out like drawing 6 (d), induction of the carrier is carried out to a 
conductor, and the amount of currents between the increase of an electron which carried out spin reversal 
effectually, and the magnetic substance detected increases by urging spin dispersion. Under the present 
circumstances, the resistance of a component to gate voltage changes, as shown in drawing 2121 (b). 
[0049] As shown in drawing 7 R> 7 (a), the electrode object for electric-field seals of approval can allot and 
constitute the magnetic resistance element of such 3 terminal structures through an insulator on the conductor of 
drawing 3 (a). Here, although shown using drawing 3 (a), even if it uses drawing 3 (b) and drawing 3 (c), a 3 
terminal component can be constituted. 

[0050] Moreover, the electrode object for electric-field seals of approval can allot and constitute through an 
insulator like drawing 7 (b) on the conductor of drawing 4 (a). Here, although shown using drawing 4 (a), even 
if it uses drawing 4 (b) and drawing 4 (c), a 3 terminal component can be constituted. 
[0051] Moreover, the electrode object for electric-field seals of approval can allot and constitute through an 
insulator like drawing 7 (c) on the conductor of drawing 4 (d). Here, the channel part formed in MES structure 
which minded metal-oxide-semiconductor structure or the shot key barrier functions as a conductor. As for the 
source section and the drain section, in that case, it is desirable to consist of the magnetic substance, and, as for 
the magnetic substance, it is still more desirable that it is a magnetic semiconductor. 

[0052] Furthermore, it is desirable even if it allots not only arrangement of drawing 5 but the gate polar zone 
like drawing 7 (d). 

[0053] here — a magnetic semiconductor — QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, 
and Zn — at least one sort) At least one sort and D as which A was chosen from C, N, O, F, and S RDA, such as 
at least one sort chosen from V, Cr, Mn, Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) 
one sort and D which were chosen from B, aluminum, Ga, and In — V, Cr, Mn, Fe, Co, and nickel from — one 
selected sort and A are chosen from what is represented by one etc. sort chosen from As, C, N, O, P, and S. 
[0054] Drawing 8 shows the situation of a magnetic resistance element which used the ballistic conduction in a 
layered product. 

[0055] The configuration which bears ballistic conduction between the 2nd magnetic layer which is not in 
contact with the 1st magnetic substance which touched the magnetization revolution control layer like drawing 
8 (a) and which ********( e d) is shown. Such a configuration may arrange and constitute many conductors like 
drawing 8 (b). Moreover, it is desirable to arrange and constitute a nonmagnetic insulator like drawing 8 (c) 
around many conductors. 

[0056] Moreover, it is effective, even if it carries out point contact of the 2nd magnetic substance to the 1st 
magnetic substance and constitutes it like drawing 8 (d). Furthermore, since the same effectiveness is acquired 
even if it forms the thin field which was made to elongate the magnetic substance like drawing 8 (e) as another 
gestalt, and was narrow in the part, it is desirable. As for the extension part in this case, it is desirable that it is at 
least 50nm or less. In these cases, a contact part or an extension part is in a superparamagnetism condition, and 
functions mainly as a ballistic conduction object. 

[0057] When using a carbon tube as a conductor shown by drawing 8 (a), drawing 8 (b), and drawing 8 (c), it is 
desirable to use the buffer layer suitable for carbon tube orientation film creation, and functioning also as a 
magnetic film is most desirable. As a magnetic film here, Fe, Co, and nickel are suitable to carbon tube 
orientation, and it is especially FexCoyNiz as a magnetic resistance element of this invention. (0.1<=x<=1.0, 
0<=y<=0.8, 0<=z<=0.9, x+y+z=l) Using is still more desirable. 

[0058] The configuration of above-mentioned this invention is realizable using a usual thin film process and a 
usual micro-processing process. To formation of each magnetic layer, an antiferromagnetism layer, a layer 
insulation layer, an electrode, etc., it is producible with PVD, such as the sputtering methods, such as pulse laser 
deposition (PLD), ion beam deposition (IBD), an ionized cluster beam or RF, DC and ECR, Helicon, ICP, or an 
opposite target, MBE, and the ion plating method, other CVD(s) and plating, or a sol gel process. 
[0059] Moreover, as micro processing, it can attain by physical or combining a chemical etching method and 
the photolithography technique which used the stepper, the EB method, etc. for detailed pattern formation, such 
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as ion milling used in a semi-conductor process, a GMR head production process, etc., and RIE, FIB. Moreover, 
it is also effective to use CMP and cluster-ion beam etching for surface flattening, such as an electrode. 
[0060] moreover, the magnetic memory which carries out reading appearance and sometimes obtains high 
power by using the magnetic resistance element of said configuration is producible. 

[0061] The example of the magnetic memory using the magnetic resistance element of the above-mentioned 
configuration as a memory device is shown in drawing 12 . As a component used as memory, which 
configuration of the magnetic resistance element of said configuration may be used. A component is arranged at 
the matrix at the intersection of the bit line which is a record line made based on Cu or aluminum as represented 
by M (i, j) of drawing 12 , and a word line, and signaling information is recorded by 2 current coincidence 
method using the synthetic field generated when the signal current is passed on each line. When the distance 
over the recording layer of the component of a bit line and a word line differs, the seal of approval of the current 
is carried out to a both line so that a field efficient for component actuation may carry out a seal of approval to a 
recording layer. 

[0062] Next, when the time amount of this addressing is accelerated, an inductive-coupling current or a 
capacitive joint current may occur to a record line odor, and the cross talk of gestalt with one [ another ] more 
may arise because spacing between record lines narrows. As one approach of controlling these, as shown in 
drawing 1 7 R> 7, it is desirable to prepare the tie grounded between record lines. Drawing 17 (a) shows the case 
of the arrangement which puts a magnetic resistance element like drawing 17 (b) as another gestalt, when the tie 
has been horizontally arranged to a word line. It is easy to concentrate at the free layer whose field is a 
recording layer in the case of drawing 17 (b) and is desirable. Moreover, in order for wiring thickness to 
become large compared with wiring width of face and to have a longwise cross-section configuration as 
detailed-ization progresses, association is easy to take and is more desirable [ the arrangement as shown in 
drawing 1717 (a) ]. When such a tie is realized in the magnetic memory device of drawing 13 (b), wiring 
arrangement serves as a configuration like drawing 18 . 

[0063] First, in drawing 13 and drawing 14 , it explains to the basic example of the write-in actuation by the 
current of a magnetic memory device, and reading actuation just. In addition, in each drawing, the magnetic 
resistance element shown in drawing 1 as an example is used as a memory device. 

[0064] By drawing 13 (a) and drawing 13 (b), in order to read the magnetization condition of a component 
according to an individual, the configuration which prepared the switching device represented by FET for every 
component is shown. This magnetic memory can be easily constituted on a CMOS substrate. Moreover, 
drawing 13 (c) and drawing 13 (d) show the configuration which used the nonlinear element or the rectifying 
device for every component. Here, a varistor, and a tunnel component or 3 terminal component of said 
configuration may be used for a nonlinear element. This magnetic memory only increases the membrane 
formation process of diode etc., and can produce a substrate also on a cheap ** glass substrate. Here, the 
example when drawing 13 (a) and drawing 13 (c) have arranged two recording layers in the upper part of a 
component and both drawing 13 (b) and drawing 13 (d) have arranged them in the upper part and the lower part 
of a component is shown. Moreover, in drawing 14 , it is considering as the configuration by which a 
component is arranged at the intersection of a direct word line and a bit line not using the switching device for 
isolation as shown in each drawing of drawing 13 , or the rectifying device, therefore, in drawing 14 , in order 
that reading appearance may be carried out and a current may sometimes flow ranging over two or more 
components, it is desirable from the precision of read-out that they are 10000 or less elements. In 10000 or more 
elements, an output is no longer obtained enough. 

[0065] In each drawing of drawing 13 , although the case where a bit line is used together with the sense line 
which passes a current for a component and reads resistance change is shown, in order to prevent malfunction 
and component destruction by the bit current, a sense line and a bit line may be formed separately, respectively. 
As for a bit line, at this time, it is desirable to be the location insulated by the component and the electric target, 
and to arrange to a sense line and parallel. Moreover, as for the distance between a word line, a bit line, and a 
memory cell, in current writing, it is desirable that it is about 500nrn or less from the point of power 
consumption. 

[0066] Next, the example of the cellular structure of the multilayer-interconnection memory which performs the 
writing by the current field to drawing 15 and drawing 16 is shown. Drawing 15 is the multilayer 
interconnection produced on the switching device represented by FET, and drawing 16 shows the multilayer 
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interconnection formed through the rectifying device or nonlinear element represented by diode and the tunnel 
component. A switching device, and a rectifying device or a nonlinear element serves to perform electrical 
isolation of adjoining components. When it is a multilayer interconnection without these electrical isolation 
components, it is necessary to take the architecture which makes 1 block the aggregate of the memory cell of 
the 1 0000 maximum numbers from sense sensibility. 

[0067] Moreover, at the time of output detection of the magnetic resistance element explained here, it is 
realizable by using a detector like drawing 19 . For example, it is desirable, when wiring resistance and criteria 
component resistance can be canceled, it accumulates and high S/N-ization can be easily realized by taking an 
output difference with the comparison resistance including wiring resistance. 

[0068] When magnetic memory is constituted, comparison resistance can constitute desired magnetic memory, 
if it arranges as drawing 20 showed. 

[0069] To the word line and bit line for field generating which are used here, conductivity is high, and it is 
desirable to them that critical current density mainly uses Cu strong against 106-107 A/cm2 and 
electromigration. Furthermore, mainly using the carbon tube which is 109 A/cm2 also has critical current 
density effective in high field generating, and it is desirable. 
[0070] Furthermore, the example of concrete operation is shown below. 

[0071] (Example 1) The thin line of Si was first created using SOI (Silicon on Insulator) / Si02 substrate. 
[0072] The SOI layer thin-film-ized by thermal oxidation and wet etching was oxidized thermally, and SOI 
(20)/SiO2 (25) was formed. Here, Si02 (25) themselves was used as a resist object, EB (electron beam) 
processing was performed, and thin line pattern drawing which has the width of face of five to 50 nm was 
performed. The amount of Dose(s) used for drawing in this case was 1-10 C/cm2. It carried out to development 
using buffered fluoric acid (HF=0.2 mol/1, NH4=0.2 mol/1). Then, RIE (reactive ion etching) was performed, 
the SOI layer was processed, again, the SiO two-layer of a resist object was removed using buffered fluoric 
acid, and the thin line of Si of desired 5-50nm size was obtained. Then, thermal diffusion of Lynn using PSG 
(Lynn silicic-acid glass) was performed about about 10 minutes at 800 degrees C, it doped to the whole thin 
line, and conductivity was given. Carrier concentration in this case was set to 1017-1021/cm3. Furthermore, 
after Si thin line creation, the insulating oxide film of about 1 - 5nm was created by thermal oxidation in the 
thin line front face. Then, instant thermal oxidation was performed for the thin amorphous silicon layer, and Si 
dot whose path is about 2 - lOnm was formed on the thin line, thereby, the effectiveness of single electronic 
charging carries out induction — having — ballistic one — the KOTONNERU conduction effectiveness is 
expected ****. The usual organic resist object was deposited on this micro-processing part ( drawing 9 (a)), 
plural spatters were used on it, and the sample was produced in the following ways. 
[0073] Sample lTa(l) / CoFe(15) / Ta (15) (the unit in a parenthesis is nm) 

As shown in this sample as shown in drawing 9 (b) through processes, such as a lift off, at drawing 9 (c), the 
arrangement configuration was acquired, and that arrangement also created the structure of drawing 9 (e) 
through the same photolithographic process after the antiferromagnetic substance PtMn(45) deposition 
( drawing 9 (d)) as a magnetization revolution control layer. The component was completed by finally, 
arranging electrode object Ta(5) / Cu (200) / Ta (50), as shown in drawing 9 (f). 

[0074] The seal of approval of the field was carried out from the exterior to the created component, and the 
electrical property between electrode objects was evaluated. The seal of approval of the seal of approval of a 
field was carried out to parallel at the longitudinal direction of a thin line. The size of the thin line at the time of 
evaluating was about 250nm in width of face of lOnm, the thickness of 20nm, and die length. 
[0075] The magnetic-reluctance rate of change observed at the room temperature in the component which 
processed the sample 1 was about 8%. 

[0076] In order to evaluate effectiveness more notably, when it carried out under low temperature (5K), 
magnetic-reluctance rate of change was a maximum of 30%. 

[0077] Here, although the process shown in drawing 9 realized component processing, if the component for 
which not only this but ** has the same structure is realizable, this invention will not be restricted to this in 
order to demonstrate desired effectiveness. 

[0078] Moreover, although CoFe was used as the magnetic substance here, magnetic-reluctance change was 
observed also in Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy or FeCr, FeSiAl, FeSi, 
FeAl, FeCoSi, FeCoAl, FeNiPt, FePd, FeRh, Felr, FeRu, FePt, and FeV. 
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[0079] Moreover, as a conductor, although Cu was mainly used, even if it used aluminum, Ag, Au, and Pt, 
magnetic-reluctance change was observed. 

[0080] Moreover, as the antiferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, 
IrMn, and NiMn, magnetic-reluctance change was observed. 

[0081] (Example 2) On Si/Si02 substrate, it arranges in the location of a request of a carbon tube within 
******, and an electrode configuration pattern is beforehand formed in a resist. Besides, SiO two-layer was 
deposited and the reverse pattern of an electrode configuration was formed in the lift off after that. 
[0082] Next, the sample was produced in the following ways using plural spatters. 

[0083] Sample 2AuCr(0 or 0.5)/CoFe (45)/Ta(15) sample 3AuCr(0 or 0.5)/AlO(0.5)/CoFe(45) / Ta (15) (a unit 
is nm) 

And the component as eventually shown in drawing 1 was completed using the photolithographic approach 
shown in drawing 9 as fundamental technique. 

[0084] Here, as for die length of about 250nm in the minimum section, and width of face and height, between 
the magnetic substance was about 3nm in a part for the diameter of a carbon tube, using a monolayer carbon 
tube as a conductor. Si02 (200nm) was used as an insulator for the protection on a conductor. PtMn (60) was 
used as the antiferromagnetic substance, Ta(5) / Cu (200) / Ta (50) was used as an electrode object, and the 
component was completed. 

[0085] in addition, () of AJO() — the inner value showed the total value of the design thickness of aluminum 
before oxidation treatment, and repeated and produced oxidizing aluminum in an oxygen content ambient 
atmosphere after 0.3 - 0.7nm membrane formation actually. In this example, 0.5nm aluminum is oxidized and it 
is creating. 

[0086] The seal of approval of the field was carried out from the exterior to the created component, and the 
electrical property between electrode objects was evaluated. The seal of approval of the seal of approval of a 
field was carried out to parallel at the longitudinal direction of a thin line. 

[0087] In the component which processed the sample 2, the magneto-resistive effect was observed at the room 
temperature. 

[0088] In order to evaluate effectiveness more notably, when it carried out under low temperature (5K), 
magnetic-reluctance rate of change was a maximum of 12% (refer to drawing 22 ). 

[0089] Moreover, the magneto-resistive effect was observed also in the component which processed the sample 
3. 

[0090] When carried out under low temperature (5K), magnetic-reluctance rate of change was a maximum of 
22%. It has suggested that the direction at the time of minding an insulator between the carbon tubes which are 
the magnetic substance and a conductor is efficient, and impregnation of a spin polarization electron is possible. 

[0091] Here, although the process shown in drawing 9 realized component processing, if the component for 
which not only this but ** has the same structure is realizable, this invention will not be restricted to this in 
order to demonstrate desired effectiveness. 

[0092] Moreover, although CoFe was used as the magnetic substance here, magnetic-reluctance change was 
observed also in Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy, a NiFeCo-cyanogen 
complex or FeN, FeTiN, FeAIN, FeSiN, FeTaN, FeCoN, FeCoTiN, FeCoAlSiN, FeCoTaN or CoFeV, CoFePt, 
CoFeTa, and CoFeB. 

[0093] Since the same effectiveness is acquired as a conductor even if it uses a multilayer carbon tube although 
the monolayer carbon tube was used here, it does not restrict to this. The width of face of the tube in this case is 
2nm - about 30nm. 

[0094] Moreover, as an electrode object, although Cu was mainly used, even if it used aluminum, Ag, Au, and 
Pt, magnetic-reluctance change was observed. 

[0095] Moreover, as the antiferromagnetic substance, even if it used not only PtMn but PtPdMn, FeMn, IrMn, 
and NiMn, magnetic-reluctance change was observed. 

[0096] Or since one side of a magnetic electrode had high coercive force on parenchyma even if it arranges 
CoPt which is the high holding power magnetic substance instead of the antiferromagnetic substance, FePt, 
CoCrPt, CoTaPt, FeTaPt, and FeCrPt, a desired magnetic-reluctance change has been observed. 
[0097] (Example 3) The sample was produced in the following ways using plural spatters on the Si/Si02 
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substrate. 

[0098] Sample 4NiO(50) / Ta (5) (a unit is nm) 

And an approach photolithographic as fundamental technique is used. After processing the film of a sample 4 
into a desired pattern and carrying out the spatter of the Ta of the sample 4 film upper layer using a reverse 
spatter after that The carbon tube has been arranged in the location of the processing edge of sample 4 film 
within ****** on it, AuCr(0 or 0.5)/AlO(0.5)/CoFe (30nm) / Ta (15) was deposited and processed as a 
magnetic film, and the component of arrangement of drawing 3 (b) was completed. It is most suitable to make 
the include angle of the slant face at this time into 70 degrees from 25 degrees. When it was this range, the 
rendering student was the best and the magnetic resistance element has been created. When using a carbon tube 
and it is in this range, bending [ edge / of a carbon tube ] has the desirable effect which that conduction property 
has few. 

[0099] As for die length of about 250nm in the minimum section, and width of face and height, between the 
magnetic substance was about 3nm in a part for the diameter of a carbon tube here, using a monolayer carbon 
tube as a conductor. Si02 (200nm) is used as an insulator for the protection on a conductor. The component was 
completed using Ta(5) / Cu (200) / Ta (50) as an electrode object. 

[0100] As this example shows, it patternizes beforehand in the antiferromagnetism layer which is a 
magnetization revolution control layer, and since it is simpler than arrangement of drawing 1 that the direction 
which arranges a conductor on it completes a component, it is desirable. Furthermore, when the direction of 
arrangement of drawing 3 (b) performs micro processing of a conductor, and arranging in a minute location, 
since it is simpler than arrangement of drawing 3 (a), it is desirable. 

[0101] The seal of approval of the field was carried out from the exterior, and the electrical property between 
electrode objects was evaluated. 

[0102] In the component which processed the sample 4, the magneto-resistive effect was observed at the room 
temperature. 

[0103] In order to evaluate effectiveness more notably, when it carried out under low temperature (5K), 
magnetic-reluctance rate of change was a maximum of 22%. 

[0104] Here, although the process shown in drawing 9 realized component processing, if the component for 
which not only this but ** has the same structure is realizable, this invention will not be restricted to this in 
order to demonstrate desired effectiveness. 

[0105] Then, insulator film Si02 for protection to the carbon tube top which is the conductor of the component 
which processed and created the sample 4 (lOOnm) Instead, the gate electrode for electric-field seals of approval 
has been arranged through another insulator. The used insulator used Cu phthalocyanine film (50nm) / Cu 
(150) / Ta (50) as the phthalocyanine film (5nm) and an electrode object. 

[0106] When an electric-field seal of approval is changed from -IV to 5V, the magnetic-reluctance change is 
measured at a room temperature using a gate electrode, an electric-field seal of approval is zero and the 
magnetization direction of both magnetic layers gathers, the property that resistance becomes low compared 
with except [ its ] is shown. When behavior with a magnetic-reluctance change complicated when IV seal of 
approval of the electric field is carried out from 0 was shown and the magnetization direction gathered by the 
case, resistance did not necessarily become low. Furthermore, if the seal of approval of the electric field is 
carried out, magnetic-reluctance change will no longer be seen by about 5 V. Thereby, a magnetic-reluctance 
property is controllable by the electric-field seal of approval. 

[0107] Moreover, although CoFe was used as the magnetic substance here, even if it used Fe, Co, nickel, the 
FeCo alloy, the NiFe alloy, the CoNi alloy, and the NiFeCo alloy, magnetic-reluctance change was observed. 
[0108] Moreover, although the phthalocyanine was used as an insulator of the gate section, the advantage in 
which the affinity of both carbon tube and phthalocyanine was very good here, and a contact interface could 
create smoothly was checked. 

[0109] Moreover, as an electrode object, although Cu was mainly used, even if it used aluminum, Ag, Au, and 
Pt, magnetic-reluctance change was observed. 

[0110] Moreover, as the antiferromagnetic substance, although insulating NiO was used, even if it used alpha- 
Fe 203, CrO/NiO, and RFe03 (R is rare earth elements and is La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
and Yb), magnetic-reluctance change was observed. 

[0111] (Example 4) By the same technique as an example 1 , the thin line of Si was first created using SOI/Si02 
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substrate. 

[0112] After obtaining the thin line of Si of desired 5-50nm size, thermal diffusion of Lynn using PSG (Lynn 
silicic-acid glass) was performed about about 10 minutes at 800 degrees C, it doped to the whole thin line, and 
conductivity was given. Carrier concentration in this case was set to 1019-/cm3. Furthermore, after Si thin line 
creation, the about 2.5nm insulating oxide film was created by thermal oxidation in the thin line front face. 
Furthermore, after Si thin line creation, the insulating oxide film of about 1 - 5nm was created by thermal 
oxidation in the thin line front face. Then, instant thermal oxidation was performed for the thin amorphous 
silicon layer, and Si dot whose path is about 2 - lOnm was formed on the thin line. Thereby, the effectiveness of 
single electronic charging is expected. Besides about 20 - lOOnm of TEOS (tetra-ethoxy run) film was 
deposited, and the poy-Si gate was further created as a gate electrode on this. The created gate width was 
created by ten to 1 00 nm using the detailed-ized technique of 02 ashing. As a type of this example, it was about 
40nm. The usual organic resist object was deposited on this micro-processing part, plural spatters were used on 
it, and the sample was produced in the following ways. 
[0113] Sample 5Ta(l) / CoFe(15) / Ta (15) (the unit in a parenthesis is nm) 

Creation of a component was performed like the time of an example 1 according to the process of drawing 9 . 
The component was completed by finally, arranging electrode object Ta(5) / Cu (200) / Ta (50), as shown in 
drawing 9 (f). Moreover, PtMn (50) was used as the antiferromagnetic substance. 

[0114] The seal of approval of the field was carried out from the exterior to the created component, and the 
electrical property between electrode objects was evaluated under the gate electric-field seal of approval. The 
seal of approval of the seal of approval of a field was carried out to parallel at the longitudinal direction of a thin 
line. 

[01 15] When an electric-field seal of approval is changed from -IV to 5V, the magnetic-reluctance change is 
measured at a room temperature using a gate electrode, an electric-field seal of approval is zero and the 
magnetization direction of both magnetic layers gathers, the property that resistance becomes low compared 
with except [ its ] is shown. When behavior with a magnetic-reluctance change complicated when IV seal of 
approval of the electric field is carried out from 0 was shown and the magnetization direction gathered by the 
case, resistance did not necessarily become low. Furthermore, if the seal of approval of the electric field is 
carried out, magnetic-reluctance change will no longer be seen by about 5 V. Thereby, a magnetic-reluctance 
property is controllable by the electric-field seal of approval. 

[0116] The magnetic-reluctance rate of change observed at the room temperature in the component which 
processed the sample 5 was about 8%. 

[01 17] In order to evaluate effectiveness more notably, when it carried out under low temperature (5K), 
magnetic-reluctance rate of change was a maximum of 30%. 

[0118] Here, although the process shown in drawing 9 realized component processing, if the component for 
which not only this but ** has the same structure is realizable, this invention will not be restricted to this in 
order to demonstrate desired effectiveness. 

[0119] Moreover, although CoFe was used as the magnetic substance here, magnetic-reluctance change was 
observed also in Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy or FeCr, FeSiAl, FeSi, 
FeAl, FeCoSi, FeCoAl, FeNiPt, FePd, FeRh, Felr, FeRu, FePt, and FeV. 

[0120] Moreover, as a conductor, although Cu was mainly used, even if it used aluminum, Ag, Au, and Pt, 
magnetic-reluctance change was observed. 

[0121] Moreover, as the antiferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, 
IrMn, and NiMn, magnetic-reluctance change was observed. 

[0122] (Example 5) On Si/Si02 substrate, it arranges in the location of a request of a carbon tube within 
******, and an electrode configuration pattern is beforehand formed in a resist. Besides, SiO two-layer was 
deposited and the reverse pattern of an electrode configuration was formed in the lift off after that. 
[0123] Next, the sample was produced in the following ways using plural spatters. 
[0124] Sample 6AuCr(0 or 0.5)/AlO(0.5)/CoFe(45) / Ta (15) (a unit is nm) 

And the component as eventually shown in drawing 7 (d) was completed using the photolithographic approach 
shown in drawing 9 as fundamental technique. The Si02 gate oxide of the thermal oxidation which is a 
nonmagnetic insulator is about 100 to 300 nm, and used Si substrate as a gate electrode. 
[0125] Here, as for die length of about 150nm in the minimum section, and width of face and height, between 
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the magnetic substance was about 3nm in a part for the diameter of a carbon tube, using a monolayer carbon 
tube as a conductor. Si02 (200nm) was used as an insulator for the protection on a conductor. PtMn (60) was 
used as the antiferromagnetic substance, Ta(5) / Cu (200) / Ta (50) was used as an electrode object, and the 
component was completed. 

[0126] in addition, () of A10() — the inner value showed the total value of the design thickness of aluminum 
before oxidation treatment, and repeated and produced oxidizing aluminum in an oxygen content ambient 
atmosphere after 0.3 - 0.7nm membrane formation actually. In this example, 0.5nm aluminum is oxidized and it 
is creating. 

[0127] The seal of approval of the field was carried out from the exterior to the created component, and the 
electrical property between electrode objects was evaluated. The seal of approval of the seal of approval of a 
field was carried out to parallel at the longitudinal direction of a thin line. 

[0128] In the component which processed the sample 6, the magneto-resistive effect was observed at the room 
temperature. 

[0129] When carried out under low temperature (5K), magnetic-reluctance rate of change was a maximum of 
20%. The seal of approval of the field was carried out from the exterior to the created component, and the 
electrical property between electrode objects was evaluated under the gate electric-field seal of approval. The 
seal of approval of the seal of approval of a field was carried out to parallel at the longitudinal direction of a thin 
line. 

[0130] When an electric-field seal of approval is changed from -IV to 5V, the magnetic-reluctance change is 
measured at a room temperature using a gate electrode, an electric-field seal of approval is zero and the 
magnetization direction of both magnetic layers gathers, the property that resistance becomes low compared 
with except [ its ] is shown. When behavior with a magnetic-reluctance change complicated when IV seal of 
approval of the electric field is carried out from 0 was shown and the magnetization direction gathered by the 
case, resistance did not necessarily become low. Furthermore, if the seal of approval of the electric field is 
carried out, magnetic-reluctance change will no longer be seen by about 5 V. Thereby, a magnetic-reluctance 
property is controllable by the electric-field seal of approval. 

[0131] Moreover, although CoFe was used as the magnetic substance here, magnetic-reluctance change was 
observed also in Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy, a NiFeCo-cyanogen 
complex or FeN, FeTiN, FeAIN, FeSiN, FeTaN, FeCoN, FeCoTiN, FeCoAlSiN, FeCoTaN or CoFeV, CoFePt, 
CoFeTa, and CoFeB. 

[0132] Since the same effectiveness is acquired as a conductor even if it uses a multilayer carbon tube although 
the monolayer carbon tube was used here, it does not restrict to this. The width of face of the tube in this case is 
2nm - about 30nm. 

[0133] Moreover, as an electrode object, although Cu was mainly used, even if it used aluminum, Ag, Au, and 
Pt, magnetic-reluctance change was observed. 

[0134] Moreover, as the antiferromagnetic substance, even if it used not only PtMn but PtPdMn, FeMn, IrMn, 
and NiMn, magnetic-reluctance change was observed. 

[0135] Or since one side of a magnetic electrode had high coercive force on parenchyma even if it arranges 
CoPt which is the high holding power magnetic substance instead of the antiferromagnetic substance, FePt, 
CoCrPt, CoTaPt, FeTaPt, and FeCrPt, a desired magnetic-reluctance change has been observed. 
[0136] (Example 6) The plural molecular-beams epitaxy technique was used on the GaAs (001) substrate, and 
the sample was produced in the following ways. 

[0137] Sample 7GaAs(100)/MnAs(15) sample 8GaAs(100)/MnAs (50) (a unit is nm) 

A substrate is made to defecate under the ambient atmosphere by As flux exposure at about 600 degrees C, it 
was made to deposit in about 600-degree C elevated temperature by having used the GaAs layer as the buffer 
layer, and the MnAs layer was made to once deposit after slight Mn flux exposure by the 200-250-degree C 
basis on it to a GaAs substrate with this sample. Deposited MnAs makes the field (-1101) the growth side. 
Moreover, from magnetization measurement of the film made to deposit, it was checked that both easy axes 
have [-110] GaAs bearing in both samples. 

[0138] Using photolithographic technique as shown in this sample at drawing 9 , it forms in the pattern 
configuration of a request of POJIREJISUTO as mask material, and is processed into the thin film of the 
samples 7 and 8 which are the magnetic substance so that it may become a resist pattern configuration using the 
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dry etching by argon ion irradiation. Furthermore, a conductor is deposited on it and a desired configuration is 
acquired by the lift off. Moreover, a case performs configuration processing here using the photolithographic 
technique that the conductor was further explained here when it was required to make ballistic conduction into 
the configuration to manage. Moreover, it also checked that it did not matter even if it performs direct 
configuration processing using the associated equipment suitable for micro processing, such as a clock short 
hand of an electron beam, a convergence mold ion beam, and scanning tunnel current observation equipment 
accompanying, of course. Furthermore, by the case, when passivation is required, an insulator layer is deposited 
on a conductor. 

[0139] Here, the used conductor is Au (lOnm) film, and used the electronic exposure technique for exposure for 
POJIREJISUTO as mask material. The conductor performed die length of about 80nm in the minimum section, 
and, as for width of face, the minimum section processed [ magnetic inter-electrode one ] it in about 1 Onm. An 
insulator layer is Si02. (lOOnm) It used. 

[0140] Next, the sample 7 and the sample 8 performed deposition and processing for PtMn (60) as the 
antiferromagnetic substance, performed deposition and processing for Ta(5) / Pt (200) / Ta (50) as an electrode 
object, and realized structure of drawing 9 (f). 

[0141] The seal of approval of the field was carried out from the exterior, and the electrical property between 
electrode objects was evaluated. 

[0142] The magneto-resistive effect was observed in the component which processed the sample 7 and the 
sample 8. 

[0143] In order to evaluate effectiveness more notably, when it carried out under the room temperature (300K), 
magnetic-reluctance rate of change was a maximum of 1 1% in the sample 6 a maximum of 10% in the sample 
5. Furthermore in the bottom of low temperature (5K), magnetic-reluctance rate of change was a maximum of 
20% in the sample 8 a maximum of 1 8% in the sample 7. 

[0144] Furthermore, using a monolayer carbon tube as a conductor, die length of about 250nm in the minimum 
section, and width of face and height realized the configuration of the same drawing 9 (f) in about 20nm, and 
between the magnetic substance evaluated the electrical property by the configuration of a sample 8. 
[0145] The magneto-resistive effect was observed also in this component. 

[0146] When carried out under the room temperature (300K), the magnetic-reluctance rate of change of 
magnetic-reluctance rate of change was a maximum of 22% under low temperature (5K) further a maximum of 
13%. 

[0147] Here, although the process shown in drawing 9 realized component processing, if the component for 
which not only this but ** has the same structure is realizable, this invention will not be restricted to this in 
order to demonstrate desired effectiveness. 

[0148] Moreover, although MnAs which is manganese PUNIKUTAIDO (Mn-V group element) as the magnetic 
substance here was used MnSb of the same kind or QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, 
Nb, Ta, and Zn at least one sort) At least one sort and D as which A was chosen from C, N, O, F, and S RDA, 
such as at least one sort chosen from V, Cr, Mn, Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and 
AlBMnN (R) one sort and D which were chosen from B, aluminum, Ga, and In — V, Cr, Mn, Fe, Co, and nickel 
from — even if one selected sort and A use what is represented by one etc. sort chosen from As, C, N, O, P, and 
S, magnetic-reluctance change is checked. 

[0149] Moreover, as a conductor, although Cu was mainly used, even if it used aluminum, Ag, and Pt, 
magnetic-reluctance change was observed. 

[0150] Moreover, as the antiferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, 
IrMn, and NiMn, magnetic-reluctance change was observed. 

[0151] (Example 7) The plural molecular-beams epitaxy technique was used on the GaAs (001) bearing 
substrate, and the sample was produced in the following ways. 

[0152] Sample 9GaAs(100)/MnAs(15) sample 10GaAs(100)/MnAs (50) (a unit is nm) 

Make a substrate defecate in the ambient atmosphere according a GaAs substrate to As flux exposure at about 
600 degrees C, it was made to deposit in about 600-degree C elevated temperature by having used the GaAs 
layer as the buffer layer on it, and the MnAs layer was made to deposit with this sample by carrying out the 
little exposure of the As flux, and irradiating Mn after that at further 200-250 degrees C, in addition to As 
exposure. Deposited MnAs makes the field (-1 100) the growth side. From magnetization measurement of the 
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film made to deposit, it was checked that the easy axis has [110] GaAs bearing in both samples of both. 
[0153] The process same with having been shown in the example 5 among this sample at the sample 9 realized 
structure of drawing 9 (f). 

[0154] The used conductor is Au (lOnm) film, and used the electronic exposure technique for exposure for 
POJIREJISUTO as mask material. The conductor performed die length of about 80nm in the minimum section, 
and, as for width of face, the minimum section processed [ magnetic inter-electrode one ] it in about lOnm. An 
insulator layer is Si02. (lOOnm) It used. PtMn (60) was used as the antiferromagnetic substance and Ta(5) / Pt 
(200) / Ta (50) was used as an electrode object. 

[0155] The seal of approval of the field was carried out from the exterior, and the electrical property between 
electrode objects was evaluated. 

[0156] The magneto-resistive effect was observed in the component which processed the sample 7. 
[0157] In order to evaluate effectiveness more notably, when it carried out under the room temperature (300K), 
the magnetic-reluctance rate of change of magnetic-reluctance rate of change was a maximum of 25% under 
low temperature (5K) further a maximum of 13%. 

[0158] On the other hand, it turned out that a sample 10 is mainly the antiferromagnetic substance from the 
result of magnetization measurement. Then, the film of a sample 8 was processed into the desired configuration 
using photolithographic technique, CoFe was deposited and processed as the magnetic substance on it, and, as 
for die length of about 80nm of a conductor, and width of face, the minimum section processed POJIREJISUTO 
into exposure in about lOnm, using an electronic exposure technique as mask material, using Au (lOnm) film as 
a conductor. It is an insulator layer Si02 on it. (lOOnm) It deposited. The configuration of drawing 3 (b) was 
realized using Ta(5) / Pt (200) / Ta (50) as an electrode object. 

[0159] The seal of approval of the field was carried out from the exterior also here, and the electrical property 
between electrode objects was evaluated. 

[0160] The magneto-resistive effect was observed in the component which processed the sample 10. 
[0161] When carried out under the room temperature (300K), the magnetic-reluctance rate of change of 
magnetic-reluctance rate of change was a maximum of 28% under low temperature (5K) further a maximum of 
16%. 

[0162] Furthermore, using a monolayer carbon tube as a conductor, die length of about 250nm in the minimum 
section, and width of face and height realized the configuration of drawing 3 (b) in about 20nm, and between 
the magnetic substance evaluated the electrical property by the configuration of a sample 1 0. 
[0163] CoFe was used as the magnetic substance and Ta(5) / Pt (200) / Ta (50) was used as an electrode object. 
[0164] The magneto-resistive effect was observed also in this component. 

[0165] When carried out under the room temperature (300K), the magnetic-reluctance rate of change of 
magnetic-reluctance rate of change was a maximum of 38% under low temperature (5K) further a maximum of 

18%. 

[0166] Moreover, although MnAs was used as the magnetic substance of a sample 9 here MnSb of the same 
kind or QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, and Zn — at least one sort) At least 
one sort and D as which A was chosen from C, N, O, F, and S RDA, such as at least one sort chosen from V, 
Cr, Mn, Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) one sort and D which were 
chosen from B, aluminum, Ga, and In — V, Cr, Mn, Fe, Co, and nickel from — even if one selected sort and A 
use what is represented by one etc. sort chosen from As, C, N, O, P, and S, magnetic-reluctance change is 
checked. 

[0167] Moreover, although MnAs was used as what shows antiferromagnetism according to membrane 
formation conditions like a sample 1 0, this is considered that structural distortion and pressure are acting on 
change of magnetic property greatly. Therefore, even if it used the matter which has the antiferromagnetism 
caused by distortion and pressure induction, or carrier impregnation as a magnetization revolution control layer, 
it was checked that this invention is realizable. 

[0168] Moreover, although CoFe was used as the magnetic substance in the sample 10, even if it used Fe, Co, 
nickel, the FeCo alloy, the NiFe alloy, the CoNi alloy, and the NiFeCo alloy, magnetic-reluctance change was 
observed. 

[0169] Moreover, as a conductor, although Pt was mainly used, even if it used aluminum, Ag, and Cu, 
magnetic-reluctance change was observed. 
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[0170] Moreover, as the anti ferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, 
IrMn, and NiMn, magnetic-reluctance change was observed. 

[0171] (Example 8) The plural molecular-beams epitaxy technique was used on the GaAs (001) bearing 
substrate, and the sample was produced in the following ways. As an example 7 shows, in the magnetic 
resistance element shown in the example 7 which drawing 3 (b) constituted from a configuration of a sample 
10, using a monolayer carbon tube as a conductor, the gate electrode for electric-field seals of approval has been 
arranged through an insulator to some conductors like drawing 10 (this configuration applies to the 
configuration of drawing 7 (a) correspondingly). The typical values of d in this example and D are 30nm and 
250nm. 

[0172] When carried out under the room temperature (300K), magnetic-reluctance rate of change showed the 
electric field effect like drawing 1 1 by the gate electric-field seal of approval a maximum of 18% by the gate 
electric- field zero state, and magnetic-reluctance change also became zero in gate voltage 6V. 
[0173] Moreover, although MnAs was used as the magnetic substance of a sample 7 here MnSb of the same 
kind or QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, and Zn — at least one sort) At least 
one sort and D as which A was chosen from C, N, O, F, and S RDA, such as at least one sort chosen from V, 
Cr, Mn, Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) one sort and D which were 
chosen from B, aluminum, Ga, and In — V, Cr, Mn, Fe, Co, and nickel from — even if one selected sort and A 
use what is represented by one etc. sort chosen from As, C, N, O, P, and S, magnetic-reluctance change is 
checked. 

[0174] Moreover, although MnAs was used as what shows antiferromagnetism according to membrane 
formation conditions as shown in the example 7, this is considered that structural distortion and pressure are 
acting on change of magnetic property greatly. Therefore, even if it used the matter which has the 
antiferromagnetism caused by distortion and pressure induction, or carrier impregnation as a magnetization 
revolution control layer, it was checked that this invention is realizable. 

[0175] Moreover, although CoFe was used as the magnetic substance in the sample 10, even if it used Fe, Co, 
nickel, the FeCo alloy, the NiFe alloy, the CoNi alloy, and the NiFeCo alloy, magnetic-reluctance change was 
observed. 

[0176] Moreover, as a conductor, although Pt was mainly used, even if it used aluminum, Ag, and Cu, 
magnetic-reluctance change was observed. 

[0177] Moreover, as the antiferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, 
IrMn, and NiMn, magnetic-reluctance change was observed. 

[0178] (Example 9) By using the ion-implantation technique to a GaAs (001) substrate top, the impregnation- 
among GaAs substrate field of Mn ion was created. Mn ion was generated in the spatter. Mn ion produced in the 
spatter was drawn in the ion acceleration section, and it poured into the depth field from a GaAs substrate front 
face to about 50nm with acceleration voltage 1 OOkeV extent further. It is thought that an impregnation carrier is 
about 5.5% as x amounts converted as As (Gal-xMnx) about [ about 4x1 020cm - ] by three. The Curie 
temperature estimated from magnetization measurement was about 100K. 

[0179] On the base in which such ferromagnetism was formed, it has arranged in the location of a request of a 
carbon tube within ****** ? and after that, PtMn (50nm) was deposited and processed on one impregnation 
field, and the component with the configuration of drawing 4 (b) was created. 

[0180] It is an insulator layer Si02 on the carbon tube which is a conductor. (lOOnm) Moreover, as an electrode 
object, Ta(5) / Pt (200) / Ta (50) was used. 

[0181] The seal of approval of the field was carried out from the exterior, and the electrical property between 
electrode objects was evaluated. 

[0182] When measured under low temperature (5K), magnetic-reluctance rate of change was a maximum of 
10%. 

[01 83] Then, insulator film Si02 for protection to the carbon tube top which is the conductor of the component 
which processed and created the sample of created this example (lOOnm) Instead, the gate electrode for electric- 
field seals of approval has been arranged through an insulator. The used insulator used Ta(5) / Cu (200) / Ta 
(50) as the phthalocyanine film (50nm) and an electrode object. 

[0184] When an electric-field seal of approval is changed from -IV to 5V, the magnetic-reluctance change is 
measured using a gate electrode, an electric-field seal of approval is zero and the magnetization direction of 
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both magnetic layers gathers, the property that resistance becomes low compared with except [ its ] is shown. 
When behavior with a magnetic-reluctance change complicated when IV seal of approval of the electric field is 
carried out from 0 was shown and the magnetization direction gathered by the case, resistance did not 
necessarily become low. Furthermore, if the seal of approval of the electric field is carried out, magnetic- 
reluctance change will no longer be seen by about 5 V. Thereby, a magnetic-reluctance property is controllable 
by the electric-field seal of approval. 

[0185] Moreover, although As was used as the magnetic substance (Ga, Mn) here QDA(s) (Q was chosen from 
Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, and Zn — at least one sort), such as ZnDO or A1DN At least one sort 
and D as which A was chosen from C, N, O, F, and S RDA, such as at least one sort chosen from V, Cr, Mn, Fe, 
Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) one sort and D which were chosen from B, 
aluminum, Ga, and In — V, Cr, Mn, Fe, Co, and nickel from — even if one selected sort and A use what is 
represented by one etc. sort chosen from As, C, N, O, P, and S, magnetic-reluctance change is checked. 
[01 86] Moreover, as a conductor, although Cu was mainly used, even if it used aluminum, Ag, Au, and Pt, 
magnetic-reluctance change was observed. 

[0187] Moreover, as the antiferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, 
IrMn, and NiMn, magnetic-reluctance change was observed. 

[0188] (Example 10) On porous Si substrate which etched electrochemically and was created using acetylene 
gas, Fe (50) was made in the desired location to carry out patterning in electron beam evaporation, and it was 
crowded. This Fe film works as a catalyst of the carbon tube orientation film. Carbon supply by methane is 
mainly performed, and orientation of the carbon tube created using the CVD method is carried out so that a 
longitudinal direction may stand to a film surface in the shape of Fe film. Moreover, it turned out that Fe of a 
catalyst has adhered at the head of the carbon tube which carried out orientation. Ta [ CoFe(50) / PtMn(50) / ] 
(1 5)/Au (200) was made to deposit on this by electron beam evaporation and the spatter, and the laminating 
mold component using a carbon tube was created. 

[0189] The seal of approval of the field was carried out from the exterior, and the electrical property between 
electrode objects was evaluated. 

[0190] In the processed component, the magneto-resistive effect was observed at the room temperature. 
[0191] In order to evaluate effectiveness more notably, when it carried out under low temperature (5K), 
magnetic-reluctance rate of change was a maximum of 9%. 

[0192] Moreover, although Fe and FeCo were used as the magnetic substance here, even if it uses nickel, Co, or 
a NiCoFe alloy, while a catalysis occurs, magnetic-reluctance change is checked. 

[0193] Moreover, as the antiferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, 
IrMn, and NiMn, magnetic-reluctance change was observed. 

[0194] Or since one side of a magnetic electrode had high coercive force on parenchyma even if it arranges 
CoPt which is the high holding power magnetic substance instead of the antiferromagnetic substance, FePt, 
CoCrPt, CoTaPt, FeTaPt, and FeCrPt, a desired magnetic-reluctance change has been observed. 
[0195] (Example 11) Accumulation memory was produced by the memory device of a basic configuration as 
shown on a CMOS substrate at drawing 12 . The component array made 16x16 memory 1 block, and was made 
into a total of 8 blocks. Here, sample 1 lTa(l) / CoFe(15) / Ta (15) was used for the component with the (b) 
configuration of drawing 13 . 

[0196] The component cross section of a sample is 0.2micrometerx0.3micrometer, a free magnetic layer is set 
to NiFe (2), and the configuration is made into drawing 23 (a). 
[0197] Moreover, all of a word line, a bit line, etc. used Cu. 

[0198] By the synthetic field of a word line and a bit line, flux reversal of each free magnetic layer was 
simultaneously performed to eight elements of eight blocks, and the every 8 bits signal was recorded. Next, it 
was attached to each block, and turned on at a time the one gate of FET produced with CMOS, and the sense 
current was passed. At this time, the comparator compared the bit line within each block, the component and the 
electrical potential difference generated in FET, and the dummy electrical potential difference, and 8-bit 
information was simultaneously read in the output voltage of each component. 

[0199] The ratio of the major axis and minor axis of the free magnetic layer in this case set to 1.5:1 (a major 
axis is 0.2 micrometers), and produced the accumulation memory which changed the configuration into drawing 
23 (a) - (e). The power consumption which record of such memory takes was about about 3 of the configuration 
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of drawing 2323 (a) / five to 1/2 in the configuration of (b) - (e) of drawing 23 . 
[0200] 

[Effect of the Invention] As explained above, according to this invention, the two magnetic substance has 
touched through at least one conductor. By constituting the magnetic resistance element characterized by 
resistance changing with change of the magnetization angular relation of the two magnetic substance with 
which a magnetization revolution control layer touches **, and only one side sandwiches said conductor 
between the two magnetic substance It can use as the magnetic memory which records and reads information, 
and various magnetic devices using resistance change of the magneto-resistive effect section by using as the 
free magnetic substance the magnetic substance which is not in contact with said magnetization revolution 
control layer. For this reason, the property of the stress, acceleration sensor or heat sensor which detects the 
reproducing head of magnetic recording media, such as a magneto-optic disk used for the conventional 
information communication terminal etc., a hard disk, a digital data streamer (DDS), and digital VTR, and a 
cylinder, the magnetic sensor for rotational-speed detection of an automobile etc., magnetic memory (MRAM), 
stress change, acceleration change, etc., a chemical reaction sensor, etc. can be raised. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Translation done.] 
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